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ABSTRACT

Alloyj 60 Cr:40 Ni, 50 Cr:50 Ni, 10 A1:90 Fe and 25 Cr:20 Ni were

-t .st-nd for high temperature corrosion resistance to synthetic fuel oil ash

;.:lUza Coiapared to Alloy 25 Cr: 2 0 Ni, Alloys 60 Cr:40 Ni and 50 Cr:50 Ni

!:-d superior corrosion resistance after 100 hours at 1700 F. to both high

::,dituin and carbon bearing high sodium sulfate corrodentso Alley iOAl:90 Fe

-ad inferior corrosion resistance to both corrodent media. Resistance to

scaling of 60 Cr:40 Ni alloy after 685 hours of prolonged air oxidation at

2000 F. was superior to 50 Cr:50 Ni and 25 Cr:20 Ni alloys.
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SM4AIU PAGE

P Problcm

To determine the relative high temperature corrosion resistance and

: lir:g characteristics of alloys 25 Cr:20 Ni, 60 Cr:/40 Ni) 50 Cr:50 di and

L0 A1:90 Fe.

a. Alloy 60 Cr:40 Ni had superior high temperature corrosion resis-

t-.ncs to synthotic uel oil ash residues and also superior rosist-nce to

high temperature scaling.

b. Alloy 50 Cr:50 Ni had good overall corrosion and oxidation

re sistance.

c. Alloy 25 Cr:20 Ni had inferior corrosion and air oxidation

zo sistanc e

d. P -loy 10 Al1:90 F had inferior coyr.sion resistance..

Service tests be conducted with "dog bone" superheater support sections

fabricated from 60 Cr:40 Ni and 50 Cr:50 Ni alloys.

iii
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ADMINISTRATI N. IWOMATION

Thzs .o ctr"Tr. Ve T&irrr t of hieat -e,.istan. mat~erials

ti~nt~cti~fuel oil ash reB~z urei I~ Ships 2.eLc-r

(3M?)~~~- 2c 4L5 Cc j. to det-e:line

the 1'elat.7A. cc'rrosxon i-cs.a j. Cr: 40 Ni,

:~Jby Eur,au of Ships lette-.: AL.;:.-I: - '.Sr34 3

of 15 Februar 1956,

Costs -uare cliarged to Project Ordar 60007/56,, The index nuirber is

N5MW.Ol37 ,t)M,-

This ripot co~rers part of an investwigation of the )A&g tem~peratur",

corrosion rcsist2mc-- of materials =nd alloys to vyiithetic fuel oil ash
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REPORT OF INVFSTIGATION

L. Naval Boilcr and Turbine Laboratory is conducting a research and

:nt program to obt-J.n metals or materials ith superior high tc.ipera--

-.u c:rrosion rcsistance to s)thetie fuel oil ash residues. This

r. tGst represents a phase of this programo

' tAion of ~tr l

mat .. ,,erials "-ere:

a. Alloy 50 Cr:50 Ni

Lnitial specimen w-as a 2" x 2" x 2-1/2" porous section of an ingot

cast for cxperimeral test purposes.

b. Alloy 10 A1:90 Fe

Initial specimen was 8" x 1=1/8" x 1/8" section of plate.

c, Allcy 60 Ci,:0 UI

Thst ci.na were cat from c*.st "dog bone" sections furnished for

test.

d. Alloy 25 Cr:20 Ni

Control specimens of this material were machined from 1/8" wrouLght

o- o r to o'.Jr s..1 spqxias frc'v the spony,y{ porous section oZ

"-- C, 1 alOy , sp.ci7n dimensions were reduced to 1/8" C 5/32" x 7/8u

.Ilcjs tested were also machined to these dimensions. All tezt

' r. cxc -" th? 25 Cr:20 1i all-oy .!ere furnished the Laboratory by t:ho

1
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0"V ttso.& Of PIIO 11oy s IrAgted, p~'iX

I.C{) heurs. SPeciMens w~ere ramroved froma the furnae eit pecetermIrned tim?

ir'Lci'as descaleci byr co: bjncd mechanical and chrzni5caj. cleanin., agzin

weighed ard percent weighnt loss determined. Test conditions wee

Corrodentn Us ed:

(1) High Vanadium -5 G. (1.5% Na2S04 -65% V2o5)'

(2) High Sodium Sulfate - Carbon Bearing 10 Ii. (go% N.-2-0 '10- 0.

+4 3 G. Carbon,

1i!cInerv"-nts for:

Temperature -1700 F.

Yatals Tested -~ 25 Cr.:20 Ni, 60 Cr;.40 Ni, 50 Cr:50 N'a anrd 3.0 Al:9c3 zc-

I:uonoic 3.,' C~ V.I

A-r ,,- 21'C') 7. for 685 hn'irs, S=-31es we.- r-,7i"vc1 reriod-ica.2:1

2
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Corrodent - Air.

Tinmi IncremEnts for W'Veight Loss Determinations - 24, 96, 192, 288,

,2 53)6 znd 696 hours,

Tc;,,peatur'e =- 2000 71

K.Ut~s Tested - 25 Cr:20 Ni, 60 Cr:40 Ni and 50 Cr:50 Nio

Specimen Dim.-nsions - 1/8" k 5/32" x 7/8".

li cxmaion and Rcsults

ToLt specimnc tht&L could be salvaged from the porous, sr.oney section of

50 Cr:50 Ni casting were of dimensiont 1/8" x 5/32" x 7/8". Similarly sized

specimens were michined from control alloy 25 Cr:20 Ni and test all-s

60 Cr:40 Ni and 10 Al-90 Fe. Since this specimen size was geatly different

from the usual 2" x 1" x 1/4" or 4" x I" x 1/8" specimen sizes 100 hour

corrosivity %s. time tests were conducted instead of the usual tests of

5 h -... s or 20 hours durtion.

An _r1-03 130 h::vr to.eW ,os conducted at 1700 F. using corrodents

(a) 5 G. (15% Na2 S04 o85% v2 05 ) and (b) 5 G. (90% Na2 SO 4 olO% V205) 2.14 G.

Carbon. A suitable range of weight losses resulted for all alloys tested

in hig vanadiun content mixture (a). However, high sodium sulfate-carbon

..-... ,:d:xt:re ('b) c used little corrosion to vaxy of the alloys. Since

01, o est V;ci Is Ui.M.Od, thu same specinecs used in caibcn

S,,-. . .corrdert were subjected to anot.hor 100 hour test and corrodent

was doubled to 10 G. (9O0 Ia2SO'lC% V2 05 ) + 4.28 G. Carbon. This

-._ i,uLicnt cor-:ofion reult-d to -Sford com.p.ri3on .)f the four alloys.

, " : s *, b ; . ... '", ,.., . of r .c req,5,t to ca-,,ne

•.. cr o. 1"0 V 0 + Carlbon; the z.c-.von

3
= L: ' .¢ co, :a : , fo sy t ,:, (0 .... 2 .O&i % 920 ) i
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for this phenomenon being unknown. Corrosion vs. time curves at 1700 F.

-ire shovm for the various alloys in high vanadium corrodent, Plate 3 and

high sodi=m sulfate carbon bearing corrodent, Plate 4. Test data is list !

in Table I below:

TAPLE I

Corrodert& - 5 G. (15% Na2SO4 85% V205)' Temperature - 1700 F.

Spccirnn Weight Loss - Percent

Tim= -ours

_1__O _L L~ 4.0 _L.0 _22 A2 2. 00

25 Cr:20 Ni 45.4 67.2 81.3 90.5 100 100 100 100

it . - -- 792 87.4 100 100 100 100

60 Cr:40 Ni 7.9 9.5 12.4 17.3 33.2 59.2 71.5 87.1

50 Cr:50 Ni 7.2 9.9 23.7 17.1 35°4 60.4 94.3 100

10 A-1:90 Fe .- - - 100 100 100 3.00

Corrodent 10 G. (90% Na2SO4o10% V205) + 4.3 G. Carbon,
Temperature - 1700 F.

Secimen Weight Loss - Percent

Time - iots

10 _6100

, Crz20 Ni 100 100 100 100

" i " " 100 100 100 100

60 C.:40 Ni 1.4 2°2 3.7 7A 4

0 C:50 1i 2.4 3°8 p 6.2 O.4

iD AI:9O-Fe 55.0 63-I 70.1 72.5

AlloI3 60 Ci":40 Ni and 50 Cr:50 Ni rsLst high vwnadiu:i attack much

.:.tor thn do alloys 25 Cr:20 Ni an 110 AI:93 Fe. Alloy 60 Cr:40 Ni is

4
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somedhat more resistant than 50 Cr:50 Ni. However, both alloys are severely

L1.wl cd as time increases and corrosion vs. time relationship is approx-

..... t 1 linear. The test specimens after descaling are shown in Plate 1.

Corrosion resistance of 60 Cr:40 Ni and 50 Cr:50 Ni alloys to attack

c-nms3d by the high sodium sulfate carbon bearing corrodent is excellent.

,Al1yo 25 Cr:20 Ni and 10 A1:90 Fe suffer catastrophic attack in short

periods of time in this type corrodent. Specimens of 25 Cr:20 Ni alloy were

completely consumed during the first five hours of test. Plateau of curve

for 10 A1:90 Fe alloy after approximately ten hours is typical for carbon

bearing corrodents and represents time at which corrosive sodium sulfide

is depleted. Alloy 60 Cr:40 Ni again appears slightly more resistant than

50 Cr:50 Nio The test specimens after descaling are shown in Plate 2.

Alloys 60 Cr:40 Ni and 50 Cr:50 Ni evidenced corrosion patterns similar

t! those of 25 Cr:20 Ni alloy in both types of corrodento In high vanadium

c'ipo nt metal surfaces were substantially smooth and uniform as though

metals were being dissolved. However, in high sodium sulfate carbo., bearing

rixtlnre, corrosive attack was more localized with heavy pitting in some

cass The 10 Al:90 Fe alloy was consumed by high vanadium corrodent and

r.ffcvrsd severe ponat1ation and crabrittlement in high sodium sulfate carbon

n. . : ur in rel.ti'- shor, neziecds of time,,

A prolonged air ozdation test was conducted at 2000 F. to compare

1,'!., 5.ve high teagerature svzling resistance of alloys 25 Cr:20 Ni,
z~nA 5 Cr: 5 i Te. was run for 6S5 hours, Curves of percent

* I Toj vci.P-l2,.e 5 show 40 Cr:40 Ni to have best resistance to

::.th 50 Cr:O Ni next bcst and 25 Cr:20 Ni alloy

. Tc.t d-La 13 ltsfl bclo%:. Table II

5
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TABLE II

Corrodent - Air; Temperature 2000 F.

§pecin,en 'oeiLht Lns- Portent

Time - Hours

__ 2. J.4j- & Jj,36 681

25 Cr:23 Ni 0,2 0.9 2.0 2.3 4.1 12.6 141

60 Cr:40 Ni 0.4 1.0 1.3 1.4 1.7 2.1 2.4

50 f%:50 1i 0.7 2,1 3.7 4.3 5.4 6.3 67

It is of interest to note that 25 Cr.20 Ni alloy shows less scaling up

to 424 hours than does 50 Cr:50 Ni alloy, then in the nex ct imse increment

shows excessive scaling after which curve again assumes its previous slope,

Visual observations of the test specimen substantiated the experimental data

-- ca it wa_ notied that at 160 hou' timm increment a thick os.d coating

Con 112ions

a, Alloys 60 Cr:lO Ni 2nd 50 Cr:50 Ni are superior to 25 Cr:20 Hi alloy

in hi.- tarprature corrosion- resistance to synthetic fuel oil ash rcsidues.

. 3 -e -rcei roSi:s. ,nt to sulfid: attack cau3ed by carbon boaring

co;' ....ns of high sodiuum sulfate content. They are considerably more

. 'xo corrode'nbs of high vanadium content than is 25 Cr:20 Ni zlloy,,

11 A, ,O 60 C.-.40 1- i3 corsidred to have somewhat b -ttor corrosion

5-- -. C:':50 Nio

C, ,Lre 2..73 AIso ',ve bett,r raicistar: .to h:'h t-cY -turC eal.

" d._25 llo 10 ...." 1c. .. in l.i high cr tui or oitt tn

;.i 50 C.,:50 N:i.,

d. Alloy 10 AI:0,0 e his inferior high tenmperat-are corrosion
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.1, it is raccufnxided that:

a, "Do,- bono" type superheater support elwmnrts be fab:iated froya

_~j G r-:4 Idaloya~ anfd that those parts be service tested.

bo 2.0/:~ Al: O Fe be considared uns"1 .table for naval use in

hphycorrosive environments at eleys~ted temperatures.
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Crucible Corrosion Tests of Alloys 25Cr:2ONi,
60 Cr:4ONi, 5OCr:5ONi atid 10AI -9OFe in High

Vanadium -Corrodent

LEGEND
I-1 I 5Cr:ZONi
2-Z 6OCr:4ONi
3- 3 50Cr:5ONi

Corrodent 5 G.015% Na2 SO 4 85% V2 0 5 )
Specimen Dimensions -1/8"1 x 5/32"1 x, 7/8"1

101

.1 3

z 8
14 2

U) 600

I3

LOA1: 9OFe consumed before 20
40

Ratings 60Cr-4ONi Best
U 5OCr:5ONi Next
W 25Cr:2ONi Much worse

20 -"OA:17MPor z
No curve. Samples were
consumed before 2.0
H-rs. time

0 20 40 60 s0 to0

TIME - 4OURS

'PI A1T 'I



L1 11 L~||, ...- ._ _

NBTL TEST R-Z23

Crucible Corrosion Tests of Alloys ZSCr:ZO Ni, 6 0Cr:
40Ni, 50Cr:50Ni and 10 Al1:90Fc in High Sodium Sulfate

Carbon Bearing Corrodent

80,

.4 LEGEND/Z 4 ~ - 2 60Cr:40Ni '
f ! 3- 3 50Cr:SONi

4-4 1OA:9OFe
60 1

i-i / Corrodent lOG (90%0 Na 2 SO4 , 10% V2 0s)"+
W. 4.3 G. Carbon
Q Specimen Dimensions - 1/8" x 5/32"x 7/8"

5 0 NOTE: 25Cr:ZONi Alloy was consumed (100% Loss-
before 5 Hrs. time interval I

I. I40

40 Ratings

z 60Cr'4ONi Best
5OCr:50 Ni Next - Very Good

tIOAl:9OFe Very Poor
30 Z5.Cr:a0N2LryJroor _-_Wox- t._______P4 30

10 1.

0 20 40 60 80 100

TIME - I OURS

'I
TIL4EPLATEOUR
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